The Valsalva maneuver is frequently used to test autonomic function. Previous work demonstrated that the blood pressure decrease during the Valsalva maneuver relates to thoracic hypovolemia, which may preclude pressure recovery during phase II, even with normal resting peripheral vasoconstriction. We hypothesized that increased regional blood volume, specifically splanchnic hypervolemia, accounts for the degree of thoracic hypovolemia during the Valsalva maneuver. We studied 17 healthy volunteers aged 15-22 yr. All had normal blood volumes by dye dilution. Subjects also had normal vascular resistance while supine as well as normal vasoconstrictor responses during 35°u pright tilt. We assessed changes in estimated splanchnic, pelvicthigh, and lower leg blood volume, along with thoracic blood volume shifts, by impedance plethysmography before and during the Valsalva maneuver performed in the supine position. Early increases in splanchnic blood volume dominated the regional vascular changes during the Valsalva maneuver. The increase in splanchnic blood volume correlated well (r 2 ϭ 0.65, P Ͻ 0.00001) with the decrease in thoracic blood volume, there was less correlation of the increase in pelvic blood volume (r 2 ϭ 0.21, P Ͻ 0.03), and there was no correlation of the increase in leg blood volume (r 2 ϭ 0.001, P ϭ 0.9). There was no relation of thoracic hypovolemia with blood volume or peripheral resistance in supine or upright positions. Thoracic hypovolemia during the Valsalva maneuver is closely related to splanchnic hyperemia and weakly related to regional changes in blood volume elsewhere. Changes in baseline splanchnic vascular properties may account for variability in thoracic blood volume changes during the Valsalva maneuver. vasoconstriction; veins; capacitance; mesenteric; autonomic FORCED EXHALATION during the Valsalva maneuver increases intrapleural pressure and impedes venous return of blood to the heart (10). However, venous return and thoracic blood volume decrease to different degrees in different individuals (27). Thus, although a standardized "quantitative Valsalva maneuver" (3), with open glottis and controlled expiratory pressure, can generate consistent increases in intrapleural and right atrial pressures across subjects (14), it may produce a wide range of thoracic blood volume shifts. Some of these volume shifts may be sufficiently large that they preclude autonomically mediated blood pressure recovery during phase II of the maneuver (27). This can compromise the use of heart rate and blood pressure responses to assess circulatory autonomic function (20). Such findings might suggest sympathetic impairment when none is present.
Previous work demonstrated that the blood pressure decrease during the Valsalva maneuver relates to thoracic hypovolemia, which may preclude pressure recovery during phase II, even with normal resting peripheral vasoconstriction. We hypothesized that increased regional blood volume, specifically splanchnic hypervolemia, accounts for the degree of thoracic hypovolemia during the Valsalva maneuver. We studied 17 healthy volunteers aged 15-22 yr. All had normal blood volumes by dye dilution. Subjects also had normal vascular resistance while supine as well as normal vasoconstrictor responses during 35°u pright tilt. We assessed changes in estimated splanchnic, pelvicthigh, and lower leg blood volume, along with thoracic blood volume shifts, by impedance plethysmography before and during the Valsalva maneuver performed in the supine position. Early increases in splanchnic blood volume dominated the regional vascular changes during the Valsalva maneuver. The increase in splanchnic blood volume correlated well (r 2 ϭ 0.65, P Ͻ 0.00001) with the decrease in thoracic blood volume, there was less correlation of the increase in pelvic blood volume (r 2 ϭ 0.21, P Ͻ 0.03), and there was no correlation of the increase in leg blood volume (r 2 ϭ 0.001, P ϭ 0.9). There was no relation of thoracic hypovolemia with blood volume or peripheral resistance in supine or upright positions. Thoracic hypovolemia during the Valsalva maneuver is closely related to splanchnic hyperemia and weakly related to regional changes in blood volume elsewhere. Changes in baseline splanchnic vascular properties may account for variability in thoracic blood volume changes during the Valsalva maneuver.
vasoconstriction; veins; capacitance; mesenteric; autonomic FORCED EXHALATION during the Valsalva maneuver increases intrapleural pressure and impedes venous return of blood to the heart (10). However, venous return and thoracic blood volume decrease to different degrees in different individuals (27) . Thus, although a standardized "quantitative Valsalva maneuver" (3) , with open glottis and controlled expiratory pressure, can generate consistent increases in intrapleural and right atrial pressures across subjects (14) , it may produce a wide range of thoracic blood volume shifts. Some of these volume shifts may be sufficiently large that they preclude autonomically mediated blood pressure recovery during phase II of the maneuver (27) . This can compromise the use of heart rate and blood pressure responses to assess circulatory autonomic function (20) . Such findings might suggest sympathetic impairment when none is present.
The splanchnic circulation comprising the liver, spleen, gastrointestinal tract, and pancreas is a major reservoir of blood in humans and animals, accounting for ϳ30% of venous blood volume (23) . Moreover, its contents are highly adjustable, responding well to sympathetic input, producing arterial vasoconstriction and venoconstriction during orthostasis and exercise (21, 25) . We investigated the role of variable rapid filling of regional leg, pelvis, and splanchnic circulations in thoracic blood volume findings. We hypothesized that reciprocal changes in splanchnic blood volume (i.e., splanchnic hypervolemia), but not in pelvic or lower extremity blood volume, determine the extent of decrease in thoracic blood volume and, thus, the ability to compensate during phase II of the Valsalva maneuver.
MATERIALS AND METHODS

Subjects and Experimental Outline
To test this hypothesis, we studied 17 healthy (free from all systemic illnesses) volunteers (15-22 yr of age, median 17.5 yr, 7 men and 10 women). They were taking no medications. All subjects had normal ECG and echocardiograms, no other evidence for cardiovascular illness, and normal estimated resting cardiac output by indocyanine dilution. We excluded subjects with a history of syncope or orthostatic intolerance. There were no trained competitive athletes or bedridden subjects. Informed consent was obtained from subjects or from parents and subjects in those Ͻ18 yr old. All protocols were approved by the Committee for the Protection of Human Subjects (Institutional Review Board) of New York Medical College.
We assessed changes in estimated thoracic, splanchnic, pelvic, and calf blood segmental volumes (defined below) by impedance plethysmography before, during, and after the Valsalva maneuver, which was performed with the subjects in the supine position. The Valsalva response has been shown to be strongly posture dependent (7, 24) . We chose to perform the maneuver in the supine position to separate autonomic stimuli arising from orthostasis from stimuli due to the Valsalva maneuver. Synchronous changes in heart rate and blood pressure were recorded.
Protocol
Tests began in a temperature-controlled room after an overnight fast. After a 30-min acclimatization period, tests were performed in the following order, with Ն15 min allowed for recovery between procedures: supine peripheral blood flow and arterial resistance measurement, supine Valsalva maneuver, tilt to 35°, upright peripheral blood flow, and peripheral arterial resistance measurement. Supine and upright peripheral blood flow and resistance measurements were used to confirm that subjects had normal vasoconstrictor responses.
Details of the Method
Peripheral blood flow, venous pressure, and peripheral arterial resistance. In all subjects, forearm and calf blood flow were measured by venous occlusion strain gauge plethysmography to demonstrate that peripheral blood flow, venous pressure, and peripheral arterial resistance were normal. Supine measurements were made at the beginning of experiments, and measurements were repeated in the upright 35°tilt position. Measurements were made in a standard manner, with exclusion of ankle and hand circulation. We employed these techniques previously to show intact peripheral vasoconstrictive ability (26, 27) .
Heart rate, respirations, and blood pressure monitoring. ECG strips were monitored continuously. Relative respiratory volume was measured with a respiratory inductance plethysmograph placed around the maximum thoracic circumference and attached to a Respitrace monitor (NIMS Scientific). Upper extremity blood pressure was continuously monitored with an arterial tonometer (Colin Instruments, San Antonio, TX) placed on the right radial artery and recalibrated automatically every 5 min against oscillometric blood pressure. ECG and tonometric pressure data were interfaced to a personal computer through an analog-to-digital converter (DataQ, Milwaukee, WI). All data were multiplexed with strain gauge and impedance data and were effectively synchronized.
Dye-dilution measurement of blood volume. We used the indocyanine green dye-dilution technique (1). We employed a noninvasive spectrophotometric finger photosensor (DDG, Nihon-Kohden) that was verified during clinical studies (12, 13) . The dye decay curve is a monoexponential representing clearance by the liver. Once the hematocrit is measured, extrapolation of the dye decay curve to the time of dye injection (time 0) yields estimated blood volume.
Impedance plethysmography for measurement of changes in segmental blood volume. Impedance plethysmography has been used to detect internal volume shifts (8) , including those produced during orthostatic stress (2, 5) . We used a tetrapolar high-resolution impedance monitor four-channel digital impedance plethysmograph (UFI) to measure volume shifts in four anatomic segments: the thoracic segment, the splanchnic segment, the pelvic segment (lower pelvis to upper leg), and the leg segment (2, 18, 28, 30) . Ag-AgCl ECG electrodes were attached to the left foot and left hand, which served as current injectors. Additional electrodes were placed in pairs representing anatomic segments as follows: ankle-upper calf just below the knee (leg segment), knee-iliac crest (pelvic segment), iliac crestmidline xiphoid process (splanchnic segment), and midline xiphoid process to supraclavicular area (thoracic segment). Impedance plethysmograhy introduces a high-frequency (50 kHz), low-amperage (0.1 mA root mean square) constant-current signal between the foot and hand electrodes that is completely insensible to the subjects. Electrical resistance values were measured using the segmental pairs as sampling electrodes. Anatomic features were selected as the most appropriate locations for comparing changes within and across subjects. This combination of electrodes gives highly repeatable changes in computed volume shifts and has been tested in a wide range of experiments by our group (18, 30) . The distance between the sampling electrodes (L) was measured carefully with a tape measure. We estimated the change in blood volume in each segment during the Valsalva maneuver from the following formula (8)
where is electrical conductivity of blood estimated as 53.2 ‫ء‬ exp(Hct ‫ء‬ 0.022) (where Hct is hematocrit, or packed cell volume, which we measured), given by Geddes and Kidder (9), R 0 is the baseline resistance of a specific segment, R1 is the resistance during the Valsalva maneuver, and ⌬R is change in resistance (R1 Ϫ R0) in a specific segment during the maneuver. was regarded as constant during the maneuver. Impedance plethysmography measurements allow us to follow blood volume changes in the various segments during the Valsalva maneuver.
Quantitative Valsalva Maneuver
The quantitative Valsalva maneuver was performed with the subject supine by exhalation with an open glottis into a mouthpiece connected to the mercury column of a sphygmomanometer with a small air leak. The air leak enabled the glottis to remain open because the subject was very slowly exhaling. Thus 35-40 mmHg of pressure (at the mouthpiece and, presumably, at the pleural level) was maintained for Ն15 s. Pressure was released, with care taken to prevent deep breathing. Two attempts with 10 min of intervening quiet breathing were made to secure an adequate Valsalva maneuver with sustained intraoral pressure. The first adequate exhalation was used for data acquisition. All subjects were able to produce the maneuver. Blood pressure, ECG, heart rate, and thoracic impedance were recorded continuously throughout the maneuver. The blood pressure response was quantified during straining and during the pressure overshoot. We used the maximum decline in blood pressure to indicate the end of early phase II. Typically, this occurred at ϳ7 s into exhalation. We used the point of subsequent maximum systolic blood pressure preceding release to indicate late phase II. Early blood pressure changes are independent of the sympathetic nervous system, which requires at least some seconds to exert any effect (22, 29) .
The classic Valsalva maneuver blood pressure response (11) is illustrated Fig. 1 . There is a brief increase in blood pressure, denoted phase I, during which there is a mechanical increase in blood pressure due to propulsion of blood from the thorax. This is followed by a decrease in blood pressure and an increase in heart rate produced by decreased venous return and decreased cardiac output during early phase II. Late phase II is usually marked by recovery of blood pressure produced, presumably, by a combination of vasoconstriction, sympathetic cardiac stimulation, and tachycardia. Once exhalation is complete, the release of strain restores normal negative intrathoracic pressure, leading to the blood pressure decrease of phase III followed by the pressure overshoot of phase IV and associated reflex bradycardia.
We chose to examine patients in the supine position, because we wanted to separate contributions from orthostasis from contributions due only to the Valsalva maneuver. Clearly, the Valsalva response has been shown to relate strongly to posture (7, 24) .
Time Lag in Onset of Venous Filling During the Valsalva Maneuver
There was a time lag between onset of the Valsalva maneuver, assessed by respiratory plethysmography, and onset of impedance changes in each anatomic segment. We assessed this with the following heuristic. For each segment, the average baseline impedance was computed for 30 s before the maneuver. Inhalation preceding the actual Valsalva maneuver was easily detected by Respitrace and was generally accompanied by a decrease in impedance (increase in blood volume) in the thoracic segment and an increase in impedance (decrease in blood volume) in the splanchnic, pelvic, and leg segments (although less discernible in the leg). The peak of the Respitrace volume indicated onset of the Valsalva maneuver. Onset of the Valsalva-related increase in thoracic impedance and the Valsalvarelated decreases in splanchnic, pelvic, and leg impedances was detected when the impedance for each segment decreased below its respective baseline. obtained using Spearman's rank-order correlation statistic. Results are reported as means Ϯ SE. We used a signed-run test based on binomial statistics to determine whether there is a progression of segmental time lags.
RESULTS
All subjects were able to perform the supine quantitative Valsalva maneuver, maintaining the expiratory pressure at 35-40 mmHg for Ն15 s. Valsalva maneuver results are shown in Figs. 1-4 .
Hemodynamics and Size Measurements
Weight was 68 Ϯ 14 kg, height was 169 Ϯ 10 cm, body surface area was 1.78 Ϯ 0.12 m 2 , and blood volume was 71 Ϯ 13 ml/kg, which are not different from subject data previously reported (27) . Total blood volume, thoracic volume, and body surface area did not correlate with the magnitude of volume changes during the Valsalva maneuver. Blood volume also did not correlate with changes in blood pressure during the Valsalva maneuver.
Supine and corresponding upright hemodynamic data are shown in Table 1 . Resting heart rate, mean arterial pressure in the calf, and venous pressure in the calf increased significantly with upright tilt to 35°. Forearm mean arterial pressure and venous pressure were not significantly changed by tilt. Leg venous pressure increased to a similar extent with tilt in all subjects. Forearm and calf peripheral arterial resistance increased in all subjects, indicating postural vasoconstriction. Figure 1 shows the change in blood pressure and associated changes in segmental impedance during the Valsalva maneuver in a typical representative subject. Impedance is expressed as a fractional change, normalized to baseline R 0 . The relative absolute magnitude of impedance change is greatest in the Fig. 1 . Time course of blood pressure and thoracic, splanchnic, pelvic, and leg impedances during a representative Valsalva maneuver. Increase in thoracic impedance precedes phase I blood pressure change. Decreases in splanchnic, pelvic, and leg impedances occur at successively later times. Splanchnic impedance falls while thoracic impedance rises initially; thereafter, splanchnic impedance rises while thoracic impedance falls. Pelvic and leg impedance changes remain relatively stable throughout phase II.
Impedance and Segmental Blood Volume Changes During the Valsalva Maneuver
thorax, next highest in the splanchnic segment, relatively small in the pelvic segment, and smallest in the calf segment. Changes in thoracic impedance are directionally opposite to changes in the other segmental impedances. Figure 2 shows data from another representative subject depicting only changes in blood pressure, thoracic and splanchnic segmental impedances, and calculated fractional changes in segmental blood volume. Directionally opposite changes in blood volumes occur with a decrease in thoracic segmental volume and a reciprocal increase in splanchnic segmental blood volume.
To explore whether a relation exists between changes in segmental thoracic blood volume and changes in other segments, we correlated maximum changes in segmental blood volume for splanchnic, pelvic, and calf segments with maximum changes in thoracic blood volume. Figure 3 demonstrates good correlation of splanchnic blood volume change with thoracic blood volume change (r 2 ϭ 0.65, P ϭ 0.0001), relatively poor correlation of pelvic blood volume change with thoracic blood volume change (r 2 ϭ 0.21, P ϭ 0.014), and no significant correlation between calf and thoracic blood volume changes (r 2 ϭ 0.001, P ϭ 0.9).
Relation of Total Blood Volume to Thoracic Blood Volume Change During the Valsalva Maneuver
We similarly correlated total blood volume with thoracic blood volume change during the Valsalva maneuver (Fig. 4) . Total blood volume did not significantly correlate (r 2 ϭ 0.17, P ϭ 0.10) with thoracic blood volume change in these experiments, although there was a trend toward smaller total blood volume related to larger change in fractional segmental thoracic blood volume change.
Time Lag in Onset of Venous Filling During the Valsalva Maneuver
Onset of the characteristic increase in thoracic impedance precedes reciprocal decreases in splanchnic impedance, which in turn precedes decreased pelvic and then calf impedances. This implies venous wave propagation. Thus time lags were consistently shortest for thoracic volume changes (0.45 Ϯ 0.18 s), longer for the splanchnic segment (1.4 Ϯ 0.5 s), and longest for pelvic and leg segments (2.2 Ϯ 0.6 and 2.8 Ϯ 0.5 s, respectively, P Ͻ 0.01, by signed-run test). Thoracic time lag was often close to zero. Pelvic and leg changes were often similar, although sign testing invariably yielded a positive difference between leg and pelvic times.
DISCUSSION
Our results are the first to demonstrate a strong correlation between decrease in thoracic blood volume and increase in splanchnic blood volume during phase II of the Valsalva maneuver. There is also a weak correlation with changes in pelvic blood volume. Previously, we demonstrated that large decreases in thoracic blood volume relate to large decreases in early blood pressure during early phase II of the Valsalva maneuver and may prevent pressure recovery during late phase II (27) . We can now say that sequestration of blood within the splanchnic circulation accounts in large measure for the changes in thoracic blood volume and, thus, changes in blood pressure. There is wide variation in venous return from subject to subject, produced by a wide variation in splanchnic pooling from subject to subject. The wide dispersion in splanchnic Fig. 2 . Time course of blood pressure (BP), thoracic and splanchnic impedance, and calculated segmental blood volume during a typical representative Valsalva maneuver in a representative subject. A reciprocal relation between thoracic and splanchnic impedances is reflected in blood volume changes. Again, initial rise in splanchnic blood volume and fall in thoracic blood volume are followed by opposite changes. Values are means Ϯ SE. HR, heart rate; MAP, mean arterial pressure, Pv, venous pressure. *P Ͻ 0.05 vs. supine. volume increase and reciprocal thoracic volume decrease unrelated to autonomic status during the Valsalva maneuver indicate that it is not a simple autonomic test. Rather, vascular, as well as autonomic, dependence of the Valsalva maneuver broadens its utility as a tool to study the splanchnic venous system.
Thoracic Blood Volume Decrease During Early Valsalva Maneuver Depends on Splanchnic Filling
We have shown that, without measurement of altered splanchnic venous filling, phase II blood pressure recovery cannot be used as an accurate reflection of sympathetic vasoconstrictive capability. The interpretation problem could be solved by measuring splanchnic filling, as we have done.
Although it complicates analysis of the Valsalva maneuver, it adds to its utility as a vascular probe.
Sympathetic activation is not instantaneous, but, rather, using data of Tyden (29), Rowell (22) estimated a lag of ϳ5-15 s before vasoconstriction. Smith et al. (25) carefully demonstrated a similar, but somewhat shorter, delay in the onset of muscle sympathetic nerve activity after Valsalva straining. Arguably, the decrease in thoracic blood volume during early phase II of the Valsalva maneuver and the reciprocal increase in splanchnic blood volume and other regional blood volumes relate more to baseline venous tone and venous compliance and less to resting arterial tone (21) . Baseline sympathetic tone could play a role, but there is no evidence among our subjects of a relation between arm and leg peripheral resistance and thoracic blood volume. A more direct and invasive measure of mesenteric tone would be helpful in this regard. Although there is copious evidence that the Valsalva response relates strongly to blood volume (7, 24) , all our subjects had similar normal total blood volumes, and we did not obtain significant correlations between total blood volume and thoracic blood volume during the Valsalva maneuver.
Thoracic-Splanchnic Reciprocity
We propose, along with others (3, 3, 14, 25) , that during expiratory strain there is a rapid decrease in venous return, which we detected as an increase in thoracic impedance. From Figs. 1 and 2, we note that the increase in impedance and, hence, the decrease in thoracic volume precede changes in blood pressure by a few seconds, which may relate to pulmonary vascular emptying. Increased splanchnic filling begins shortly after thoracic emptying. The decrease in thoracic filling, which varies from patient to patient, depends on blood volume and on the time-dependent changes in venous resistance and venous pressure in regional circulations and in right atrial pressure. Intrapleural pressure is very similar to intraoral pressure (6) . Right atrial pressure appears to change in a deterministic way with increasing intrapleural pressure, although the increase in atrial pressure is only ϳ70% of the increase in intrapleural pressure (15) . Therefore, in subjects of similar total blood volume, thoracic filling depends mostly on venous properties and provides insight into venous mechanisms. From Figs. 1 and 2 , we may note that changes in thoracic blood volume and changes in splanchnic blood volume are nearly mirror images (within a scaling factor) of one another, reflected in the x-axis. This not only applies to early phase II, where we propose that splanchnic filling occurs at the Fig. 4 . Relation between fractional change in segmental thoracic blood volume calculated from impedance plethysmography and blood volume, assessed in the supine position, using indocyanine green dye dilution. There is no significant correlation between blood volume and thoracic blood volume change. Fig. 3 . Relation between fractional calculated splanchnic blood volume and fraction of thoracic blood volume, fractional calculated pelvic blood volume and fraction of thoracic blood volume, and fractional calculated leg blood volume and fraction of thoracic blood volume during the Valsalva maneuver. Splanchnic volume changes are highly and inversely correlated to thoracic volume changes. Pelvic blood volume changes correlate less well, and leg volume changes do not correlate with thoracic blood volume decreases. expense of thoracic emptying, but also to late phase II, in which we propose that splanchnic emptying promotes thoracic filling and blood pressure restoration. Such splanchnic emptying is caused by sympathetic activation, resulting in splanchnic arterial vasoconstriction, with passive emptying of the gut circulation and also active splanchnic venoconstriction known to occur in humans (4, 22, 23) . Similar emptying is not observed in the pelvic or leg segments. Although pelvic volume remains steady throughout the Valsalva maneuver, increases in volume continue in the leg. The data may be displaying splanchnic venoconstriction, which is conspicuously absent in the pelvic and leg regional circulatory beds.
Previous work has supported the ability to generate welldefined venous return curves from graded use of the quantitative Valsalva maneuver (17) ; other investigators have shown that such graded expiratory pressures produce graded changes in splanchnic venous pooling (16, 19) . This supports our observation of a reciprocal relation between thoracic and splanchnic segments. Figure 1 illustrates an interesting and consistent finding. The onset of impedance change precedes blood pressure changes during the Valsalva maneuver and progresses caudally in sequence from thorax to splanchnic, pelvic, and leg segments. This suggests that, in the supine position at least, initial retrograde volume shifts may occur when the venous system is used.
Time Lag in Onset of Venous Filling During the Valsalva Maneuver
Limitations
Vasoconstrictive capability. We did not directly measure vasoconstriction during the Valsalva maneuver. This is not feasible with occlusion plethysmography because of time scale factors. Segmental impedance flow methods may remediate this difficulty, but tracing artifact obliterates the flow signal. Instead, we used resting and orthostatic peripheral vasoconstriction as surrogates of sympathetic vasoconstrictive adequacy. Alternatively, a direct measure of sympathetic activity, such as muscle sympathetic nerve activity, could enhance our ability to state that volume changes per se, in the presence of intact sympathetic vasoconstriction, account for our findings. Such instrumentation is often problematic in subjects in the adolescent age range and was therefore not pursued. Also, normal vasoconstrictor responses of the limbs do not necessarily indicate normal vasoconstrictor responses of regions such as the splanchnic circulation. Reduced splanchnic vasoconstriction could contribute to splanchnic hypervolemia during the Valsalva maneuver in some of our subjects.
Constancy of Valsalva pressure. The subjects performed a so-called "quantitative" Valsalva maneuver by maintaining as close to constant exhalation pressure in a mouthpiece connected to a mercury manometer. However, although every effort was made to maintain nearly constant pressure of 35-40 mmHg for 15 s, occasionally pressure would fluctuate, which could potentially lead to systematic differences. We were unable to detect such differences in practice, but we did not record exhalation pressure. Respitrace indicated a smooth gradual exhalation for the duration required. A device to control expiratory pressure for a period of time would be ideal and is under development.
Age. Age limitations to generalization may exist. Young adults and adolescents may not perfectly represent findings for mature adults. However, cardiovascular structure and function are essentially mature by puberty; therefore, results can be regarded as at least qualitatively similar to results from older age groups. Moreover, younger patients generally have the advantage of absence of confounding illness, such as heart disease, renal disease, hypertension, and diabetes, which may impact on autonomic or circulatory function.
